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Abstract 
 
 
Globally, approximately 12% of the population is inflicted by various types of urolith-
iasis. Standard treatments are available both to avert and treat urolithiasis, but with 
significant adverse side effects. Pentacyclic triterpenes represent a group of 
naturally occurring compounds which holds immense potential as therapeutic for 
treating kid-ney stone. This review aims to provide an integrative description on 
how pentacyclic triterpenes can effectively treat calcium oxalate urolithiasis through 
various mecha-nisms such as antioxidant, anti-inflammatory, diuretic, and 
angiotensin-converting enzyme inhibition. Some of the pentacylic triterpenes which 
shows promising activi-ties include lupeol, oleanolic acid, betulin, and taraxasterol. 
Moreover, future perspec-tives in the development of pentacyclic triterpenes in 
formulations/drugs for urinary stone prevention are highlighted. It is anticipated that 
compiled information would serve as a scientific baseline to advocate further 
investigations on the potential of pentacyclic triterpenes in urolithiasis remediation. 
 
KEYWORDS 
 
antilithiatic effects, pentacyclic triterpenes, triterpene-rich plant extracts 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        References 
 
 
• Agawane, S.B., Gupta, V.S., Kulkarni, M.J., Bhattacharya, A.K., Koratkar, S.S., Rao, V.K., 2019. 
Patho-physiological evaluation of Duranta erecta for the treatment of urolithiasis. Journal of 
Ayurveda and Integrative Medicine 10, 4-11. 
 
• Aggarwal, A., Singla, S., Tandon, C., 2014. Urolithiasis: Phytotherapy as an adjunct therapy. 
Indian Journal of Experimental Biology 53, 103-111. 
 
 
• Ahmed, S., Gilani, S., Hasan, M.M., 2017a. Antiurolithiatic potential of globally used medicinal 
plants belonging to the family Rosaceae. Journal of Pharmacognosy and Phytochemistry 6, 
1028-1031. 
 
• Ahmed, S., Hasan, M.M., 2017a. Antiurolithiatic plants of Acanthaceae, Amaranthaceae, 
Amaryllidaceae, Anacardiaceae, Apocynaceae, Arecaceae, Asparagaceae, Aspleniaceae, 
Caesalpiniaceae, Capparidaceae, Caryophyllaceae, Chenopodiaceae, Cucurbitaceae, 
Cupressaceae, Ericaceae, Equisetaceae and Euphorbiaceae. World Journal of Pharmacy and 
Pharmaceutical Sciences 6, 156-182. 
 
• Ahmed, S., Hasan, M.M., 2017b. Exploring globally used antiurolithiatic plants of M to R 
families: including Myrtaceae, Phyllanthaceae, Piperaceae, Polygonaceae, Rubiaceae and 
Rutaceae. Journal of Pharmacognosy and Phytochemistry 6, 325-335. 
 
• Ahmed, S., Hasan, M.M., 2017c. Exploring globally used antiurolithiatic plants of S to Z families: 
Including Saxifragaceae, Scrophulariaceae, Solanaceae, Urticaceae, Vitaceae, Zingiberaceae and 
Zygophyllaceae. Journal of Pharmacognosy and Phytochemistry 6, 1430 -1436. 
 
• Ahmed, S., Hasan, M.M., 2017d. A review on globally used antiurolithiatic monoherbal 
formulations belonging to Boraginaceae, Brassicaceae, Malvaceae and Poaceae families. World 
Journal of Pharmacy and Pharmaceutical Sciences 6, 48-61. 
 
• Ahmed, S., Hasan, M.M., Alam Mahmood, Z., 2016a. Antiurolithiatic plants: Formulations used in 
different countries and cultures. Pakistan Journal of Pharmaceutical Sciences 29, 2129-2139. 
 
• Ahmed, S., Hasan, M.M., Khan, H., Mahmood, Z.A., Patel, S., 2018a. The mechanistic insight of 
polyphenols in calcium oxalate urolithiasis mitigation. Biomedicine and Pharmacotherapy 106, 
1292-1299. 
 
• Ahmed, S., Hasan, M.M., Khan, H., Mahmood, Z.A., Patel, S., 2018b. The mechanistic insight of 
polyphenols in calcium oxalate urolithiasis mitigation. Biomedicine & Pharmacotherapy 106, 
1292-1299. 
 
• Ahmed, S., Hasan, M.M., Mahmood, Z.A., 2016b. Antiurolithiatic plants in different countries and 
cultures. Journal of Pharmacognosy and Phytochemistry 5, 102-115. 
 
• Ahmed, S., Hasan, M.M., Mahmood, Z.A., 2016c. Antiurolithiatic plants: Multidimensional 
pharmacology. Journal of Pharmacognosy and Phytochemistry 5, 4-24. 
 
• Ahmed, S., Hasan, M.M., Mahmood, Z.A., 2016d. In vitro urolithiasis models: An evaluation of 
prophylactic management against kidney stones. Journal of Pharmacognosy and 
Phytochemistry 5, 28-35. 
 
• Ahmed, S., Hasan, M.M., Mahmood, Z.A., 2017b. Antiurolithiatic plants of family Fabaceae: A 
memoir of mechanism of action, therapeutic spectrum, formulations with doses. Journal of 
Pharmacognosy and Phytochemistry 6, 592-596. 
 
• Ahmed, S., Khatri, M.S., Hasan, M.M., 2017c. Plants of family Lamiaceae: A promising hand for 
new antiurolithiatic drug development. World Journal of Pharmacy and Pharmaceutical 
Sciences 6, 90-96. 
 
• Ahmed, S., Mallick, I.A., Mohtasheemul, M., 2017d. Exploring globally used antiurolithiatic 
plants of A to L families: Asteraceae, Fabaceae and Lamiaceae revisited. Journal of 
Pharmacognosy and Phytochemistry 6, 1780-1787. 
 
• Ahmed, S., Siddiqui, M.U.A., Hasan, M.M., 2017e. Globally used antiurolithiatic plants of family 
Apiaceae. World Journal of Pharmaceutical Research 6, 358-364. 
 
• Alelign, T., Petros, B., 2018. Kidney stone disease: an update on current concepts. Advances in 
urology 2018. 
 
• Alqahtani, A., Hamid, K., Kam, A., Wong, K., Abdelhak, Z., Razmovski-Naumovski, V., Chan, K., Li, 
K.M., Groundwater, P.W., Li, G.Q., 2013. The pentacyclic triterpenoids in herbal medicines and 
their pharmacological activities in diabetes and diabetic complications. Current Medicinal 
Chemistry 20, 908-931. 
 
• Anand, R., Patnaik, G., Kulshreshtha, D., Dhawan, B., 1994. Antiurolithiatic activity of lupeol, the 
active constituent isolated from Crateva nurvala. Phytotherapy research 8, 417-421. 
 
• Anas, A., Ahmed, A., Umar, S., Jajere, U.M., Mshelia, E.H. and Natasha, O., 2017. Inhibitory effect 
of isolated Lupeol from stem bark of Diospyros mespiliformis Horsch (Ebenaceae) against 
some microbial pathogens. Bayero Journal of Pure and Applied Sciences, 10(1), pp.293-299. 
 
• Andre, C.M., Legay, S., Deleruelle, A., Nieuwenhuizen, N., Punter, M., Brendolise, C., Cooney, J.M., 
Lateur, M., Hausman, J.F., Larondelle, Y. and Laing, W.A., 2016. Multifunctional oxidosqualene 
cyclases and cytochrome P450 involved in the biosynthesis of apple fruit triterpenic acids. New 
Phytologist, 211(4), pp.1279-1294. 
 
• Arafa, A., Eshak, E.S. and Iso, H., 2020. Oxalates, Urinary Stones and Risk of Cardiovascular 
Diseases. Medical Hypotheses, p.109570. 
 
• Arumuham, V., Brodie, A., Bycroft, J., 2019. The management of urolithiasis. Surgery (Oxford) In 
press. 
 
• Arya, P., Pandey, S., Verma, V., 2017. Kidney stones formation and use of medicinal plants as 
antiurolithiatic agents Universal Journal of Pharmaceutical Research 4, 42-48. 
 
• Attard, E. and Attard, H., 2006. The potential angiotensin-converting enzyme inhibitory activity 
of oleanolic acid in the hydroethanolic extract of Crataegus monogyna Jacq. Natural Product 
Communications, 1(5), p.1934578X0600100507. 
 
• Ayeleso, T.B., Matumba, M.G., Mukwevho, E., 2017. Oleanolic acid and its derivatives: biological 
activities and therapeutic potential in chronic diseases. Molecules 22, 1915. 
 • Bijauliya, R.K., Alok, S., Jain, S., Singh, V.K., Singh, D., Singh, M., 2017. Herbal and allopathic 
medicine for kidney, gallbladder and urinary stones: a review. Int J Pharm Sci Res 8, 1935-
1952. 
 
• Boim, M.A., Heilberg, I.P. and Schor, N., 2010. Phyllanthus niruri as a promising alternative 
treatment for nephrolithiasis. International braz j urol, 36(6), pp.657-664. 
 
• Borella, R., Forti, L., Gibellini, L., De Gaetano, A., De Biasi, S., Nasi, M., Cossarizza, A. and Pinti, M., 
2019. Synthesis and Anticancer Activity of CDDO and CDDO-Me, Two Derivatives of Natural 
Triterpenoids. Molecules, 24(22), p.4097 
 
• Butterweck, V., Khan, S.R., 2009. Herbal medicines in the management of urolithiasis: 
alternative or complementary? Planta medica 75, 1095-1103. 
 
• Castellano, J.M., Guinda, A., Delgado, T., Rada, M., Cayuela, J.A., 2013. Biochemical basis of the 
antidiabetic activity of oleanolic acid and related pentacyclic triterpenes. Diabetes 62, 1791-
1799. 
 
• Checker, R., Sandur, S.K., Sharma, D., Patwardhan, R.S., Jayakumar, S., Kohli, V., Sethi, G., 
Aggarwal, B.B., Sainis, K.B., 2012. Potent anti-inflammatory activity of ursolic acid, a 
triterpenoid antioxidant, is mediated through suppression of NF-κB, AP-1 and NF-AT. PloS one 
7, e31318. 
 
• Chutipongtanate, S., Sutthimethakorn, S., Chiangjong, W., Thongboonkerd, V., 2013. Bacteria 
can promote calcium oxalate crystal growth and aggregation. JBIC Journal of Biological 
Inorganic Chemistry 18, 299-308. 
 
• Ci, X., Zhou, J., Lv, H., Yu, Q., Peng, L., Hua, S., 2017. Betulin exhibits anti-inflammatory activity in 
LPS-stimulated macrophages and endotoxin-shocked mice through an AMPK/AKT/Nrf2-
dependent mechanism. Cell Death & Disease 8, e2798. 
 
• Cikman, O., Soylemez, O., Ozkan, O.F., Kiraz, H.A., Sayar, I., Ademoglu, S., Taysi, S., Karaayvaz, M., 
2015. Antioxidant activity of syringic acid prevents oxidative stress in l-arginine–induced acute 
pancreatitis: An experimental study on rats. International Surgery 100, 891-896. 
 
• Dhole, A., Yeligar, V., 2018. Urolithiasis and its herbal remedies. International Journal of 
Scientific Research in Science and Technology 4, 150-156. 
 
• Dinnimath, B.M., Jalalpure, S.S., Patil, U.K., 2017. Antiurolithiatic activity of natural constituents 
isolated from Aerva lanata. Journal of Ayurveda and Integrative Medicine 8, 226-232. 
 
• Dissayabutra, T., Kalpongnukul, N., Chindaphan, K., Srisa-art, M., Ungjaroenwathana, W., 
Kaewwongse, M., Iampenkhae, K. and Tosukhowong, P., 2019. Urinary sulfated 
glycosaminoglycan insufficiency and chondroitin sulfate supplement in urolithiasis. PloS one, 
14(3). 
 
• Duric, K., Kovac-Besovic, E., Niksic, H., Sofic, E., 2013. Antibacterial activity of methanolic 
extracts, decoction and isolated triterpene products from different parts of birch, Betula 
pendula, Roth. Journal of Plant Studies 2, 61. 
 
• Erickson, S.B., Vrtiska, T.J. and Lieske, J.C., 2011. Effect of Cystone® on urinary composition and 
stone formation over a one year period. Phytomedicine, 18(10), pp.863-867. 
 
• Esakkimuthu, S., Sylvester Darvin, S., Mutheeswaran, S., Gabriel Paulraj, M., Pandikumar, P., 
Ignacimuthu, S., Al-Dhabi, N.A., 2018. A study on food-medicine continuum among the non-
institutionally trained siddha practitioners of Tiruvallur district, Tamil Nadu, India. Journal of 
Ethnobiology and Ethnomedicine 14, 45. 
 
• Esposito, F., Sanna, C., Del Vecchio, C., Cannas, V., Venditti, A., Corona, A., Bianco, A., Serrilli, A.M., 
Guarcini, L., Parolin, C. and Ballero, M., 2013. Hypericum hircinum L. components as new 
single-molecule inhibitors of both HIV-1 reverse transcriptase-associated DNA polymerase and 
ribonuclease H activities. Pathogens and disease, 68(3), pp.116-124. 
 
• Farah-Saeed, M., Sherwani, S.K., Noor-Jahan, A.M., 2015. Diuretic & anti-urolithic activity of 
some crude extracts. International Journal of Pharmacognosy and Phytochemical Research 7, 
28-131. 
 
• Fasano, J.M., Khan, S.R., 2001. Intratubular crystallization of calcium oxalate in the presence of 
membrane vesicles: an in vitro study. Kidney International 59, 169-178. 
 
• Fiad, S., El-Hamidi, M., 2015. Six Pentacyclic Triterpenes in Mature Olive Fruits “Picual”. 
American Journal of Food Technology 10, 1-13. 
 
• Foster, S., Tyler, V.E., Tyler, V.M., 1999. Tyler's honest herbal: a sensible guide to the use of 
herbs and related remedies. Routledge. 
 
• Freitas, P., Pucci, L., Vieira, M., Lino Jr, R., Oliveira, C., Cunha, L., Paula, J., Valadares, M., 2011. 
Diuretic activity and acute oral toxicity of Palicourea coriacea (Cham.) K Schum. Journal of 
ethnopharmacology 134, 501-503. 
 
• Frezza, C., De Vita, D., Spinaci, G., Sarandrea, M., Venditti, A. and Bianco, A., 2018. Secondary 
metabolites of Tilia tomentosa Moench inflorescences collected in Central Italy: 
chemotaxonomy relevance and phytochemical rationale of traditional use. Natural product 
research, pp.1-8. 
 
• Furtado NAJC, Pirson L, Edelberg H, Miranda LM, Loira-Pastoriza C, Preat V, Larondelle Y, 
André CM, 2017. Pentacyclic triterpene bioavailability: An overview of in vitro and in vivo 
studies. Molecules 22, 400. 
 
• Furtado, J.C., Niege, A., Pirson, L., Edelberg, H., M Miranda, L., Loira-Pastoriza, C., Preat, V., 
Larondelle, Y. and André, C.M., 2017. Pentacyclic triterpene bioavailability: an overview of in 
vitro and in vivo studies. Molecules, 22(3), p.400 
 
• Gallo, M., Sarachine, M., 2014. Biological activities of lupeol. International Journal of Biomedical 
and Pharmaceutical Sciences 3, 46-66. 
 
• Ghelani, H., Chapala, M. and Jadav, P., 2016. Diuretic and antiurolithiatic activities of an 
ethanolic extract of Acorus calamus L. rhizome in experimental animal models. Journal of 
traditional and complementary medicine, 6(4), pp.431-436. 
 
• Godugu, C., Patel, A.R., Doddapaneni, R., Somagoni, J., Singh, M., 2014. Approaches to improve 
the oral bioavailability and effects of novel anticancer drugs berberine and betulinic acid. PLoS 
One 9, e89919. 
 
• Grases, F., Prieto, R.M., Gomila, I., Sanchis, P., Costa-Bauzá, A., 2009a. Phytotherapy and renal 
stones: the role of antioxidants. A pilot study in Wistar rats. Urological research 37, 35. 
 
• Grases, F., Prieto, R.M., Gomila, I., Sanchis, P., Costa-Bauzá, A., 2009b. Phytotherapy and renal 
stones: the role of antioxidants. A pilot study in Wistar rats. Urological Research 37, 35-40. 
 
• Grinsun-Sharma, Lamichhane, G., 2017. A review of plant based medicine in treatment of 
urolithiasis disorder. The Pharma Innovation Journal 6, 8-12. 
 
• Guan, X., Deng, Y., 2016. Melamine-associated urinary stone. International Journal of Surgery 
36, 613-617. 
 
• Gupta, P., Patel, N., Bhatt, L., Zambare, G., Bodhankar, S., Jain, B., Nandakumar, K., 2006. Anti-
urolithiatic Effect of Petroleum Ether Extract Stem Bark of Crataeva adansonii. in Rats. 
Pharmaceutical biology 44, 160-165. 
 
• Han, H., Segal, A.M., Seifter, J.L., Dwyer, J.T., 2015. Nutritional management of kidney stones 
(nephrolithiasis). Clinical nutrition research 4, 137-152. 
 
• Han, N., Bakovic, M., 2015. Biologically active triterpenoids and their cardioprotective and anti-
inflammatory effects. Journal of Bioanalysis & Biomedicine S12, 005. 
 
• Hirai, N., Sugie, M., Wada, M., LAHLOU, E.H., KAMO, T., YOSHIDA, R., TSUDA, M., OHIGASHI, H., 
2000. Triterpene phytoalexins from strawberry fruit. Bioscience, biotechnology, and 
biochemistry 64, 1707-1712. 
 
• Huang, L., Guan, T., Qian, Y., Huang, M., Tang, X., Li, Y., Sun, H., 2011. Anti-inflammatory effects 
of maslinic acid, a natural triterpene, in cultured cortical astrocytes via suppression of nuclear 
factor-kappa B. European Journal of Pharmacology 672, 169-174. 
 
• Huang, W., Zhu, Y., Li, C., Sui, Z., Min, W., 2016. Effect of blueberry anthocyanins malvidin and 
glycosides on the antioxidant properties in endothelial cells. Oxidative Medicine and Cellular 
Longevity 2016, 10. 
 
• Hüsch, J., Gerbeth, K., Fricker, G., Setzer, C., Zirkel, J., Rebmann, H., Schubert-Zsilavecz, M., Abdel-
Tawab, M., 2012. Effect of phospholipid-based formulations of Boswellia serrata extract on the 
solubility, permeability, and absorption of the individual Boswellic acid constituents present. 
Journal of Natural Products 75, 1675-1682. 
 
• Jadhav, N., Patil, C., Chaudhari, K., Wagh, J., Surana, S., Jadhav, R., 2010a. Diuretic and natriuretic 
activity of two mistletoe species in rats. Pharmacognosy research 2, 50. 
 
• Jadhav, R., Bhatnagar, S., Surana, S., 2010b. Diuretic activity of squamate mistletoe, Viscum 
angulatum. Pharmaceutical Biology 48, 417-421. 
 
• Jeffries, W.B., Wolff, D.W., 2016. Diuretic drugs, in: Dowd, F.J., Johnson, B., Mariotti, A. (Eds.), 
Pharmacology and therapeutics for dentistry. Elsevier Health Sciences. 
 
• Jesus, J.A., Lago, J.H., Laurenti, M.D., Yamamoto, E.S., Passero, L.F., 2015. Antimicrobial activity 
of oleanolic and ursolic acids: an update. Evidence-based complementary and alternative 
medicine : eCAM 2015, 620472. 
 
• Jiang, Q., Yang, X., Du, P., Zhang, H., Zhang, T., 2016. Dual strategies to improve oral 
bioavailability of oleanolic acid: Enhancing water-solubility, permeability and inhibiting 
cytochrome P450 isozymes. European Journal of Pharmaceutics and Biopharmaceutics 99, 65-
72. 
 
• Jing, B., Liu, M., Yang, L., Cai, H.-y., Chen, J.-b., Li, Z.-x., Kou, X., Wu, Y.-z., Qin, D.-j., Zhou, L., 2018. 
Characterization of naturally occurring pentacyclic triterpenes as novel inhibitors of 
deubiquitinating protease USP7 with anticancer activity in vitro. Acta Pharmacologica Sinica 
39, 492. 
 
• Jonassen, J.A., Cao, L.C., Honeyman, T., Scheid, C.R., 2004. Intracellular Events in the Initiation of 
Calcium Oxalate Stones. Nephron Experimental Nephrology 98, e61-e64. 
 
• Joshi, S., Peck, A.B., Khan, S.R., 2013. NADPH oxidase as a therapeutic target for oxalate induced 
injury in kidneys. Oxidative Medicine and Cellular Longevity 2013, 18. 
 
• Jung, J.S., Han, C.H., Bae, S., 2018. Study on the prevalence and incidence of urolithiasis in Korea 
over the last 10 years: An analysis of National Health Insurance Data. Investigative and clinical 
urology 59, 383-391. 
 
• Kashyap, D., Sharma, A., S Tuli, H., Punia, S. and K Sharma, A., 2016. Ursolic acid and oleanolic 
acid: pentacyclic terpenoids with promising anti-inflammatory activities. Recent patents on 
inflammation & allergy drug discovery, 10(1), pp.21-33 
 
• Kasote, D.M., Jagtap, S.D., Thapa, D., Khyade, M.S., Russell, W.R., 2017. Herbal remedies for 
urinary stones used in India and China: a review. Journal of ethnopharmacology 203, 55-68. 
 
• Khan, S.R., 2013. Reactive oxygen species as the molecular modulators of calcium oxalate 
kidney stone formation: evidence from clinical and experimental investigations. Journal of 
Urology 189, 803-811. 
 
• Khan, S.R., 2014. Reactive oxygen species, inflammation and calcium oxalate nephrolithiasis. 
Translational andrology and urology 3, 256. 
 
• Khan, S.R., Pearle, M.S., Robertson, W.G., Gambaro, G., Canales, B.K., Doizi, S., Traxer, O., Tiselius, 
H.-G., 2016. Kidney stones. Nature reviews. Disease primers 2, 16008. 
 
• Kizivat, T., Smolić, M., Marić, I., Tolušić Levak, M., Smolić, R., Bilić Čurčić, I., Kuna, L., Mihaljević, 
I., Včev, A., Tucak-Zorić, S., 2017. Antioxidant pre-treatment reduces the toxic effects of oxalate 
on renal epithelial cells in a cell culture model of urolithiasis. International journal of 
environmental research and public health 14, 109. 
 
• Koparde, A.A., Doijad, R.C. and Magdum, C.S., 2019. Natural Products in Drug Discovery. In 
Pharmacognosy-Medicinal Plants. IntechOpen. 
 
• Kumar, K.B.H. and Kuttan, R., 2005. Chemoprotective activity of an extract of Phyllanthus 
amarus against cyclophosphamide induced toxicity in mice. Phytomedicine, 12(6-7), pp.494-
500. 
 
• Kumar, S., Prahalathan, P., Raja, B., 2011. Antihypertensive and antioxidant potential of vanillic 
acid, a phenolic compound in L-NAME-induced hypertensive rats: a dose-dependence study. 
Redox Report 16, 208-215. 
 
• Laszczyk, M. N. (2009). Pentacyclic triterpenes of the lupane, oleanane and ursane group as 
tools in cancer therapy. Planta medica, 75(15), 1549-1560. 
 
• Laszczyk, M.N., 2009. Pentacyclic triterpenes of the lupane, oleanane and ursane group as tools 
in cancer therapy. Planta Medica 75, 1549-1560. 
 
• Lee, W., Yang, E.-J., Ku, S.-K., Song, K.-S., Bae, J.-S., 2013. Anti-inflammatory effects of oleanolic 
acid on LPS-induced inflammation in vitro and in vivo. Inflammation 36, 94-102. 
 
• Leslie, S.W., Taneja, A., 2018. Hypercalciuria, StatPearls [Internet]. StatPearls Publishing. 
 
• Liang, Q., Li, X., Zhou, W., Su, Y., He, S., Cheng, S., Lu, J., Cao, W., Yan, Y., Pei, X., Qi, J., Xu, G., Yue, Z., 
2016. An explanation of the underlying mechanisms for the in vitro and in vivo antiurolithic 
activity of Glechoma longituba. Oxidative Medicine and Cellular Longevity 2016, 11. 
 
• Liu, W., Liu, T.-C., Mong, M., 2015. Antibacterial effects and action modes of asiatic acid. 
Biomedicine (Taipei) 5, 16. 
 
• Liu, Y., Chen, Y., Liao, B., Luo, D., Wang, K., Li, H., Zeng, G., 2018. Epidemiology of urolithiasis in 
Asia. Asian Journal of Urology 5, 205-214. 
 
• Lv, H., Qi, Z., Wang, S., Feng, H., Deng, X., Ci, X., 2017. Asiatic acid exhibits anti-inflammatory and 
antioxidant activities against lipopolysaccharide and d-galactosamine-Induced fulminant 
hepatic failure. Frontiers in Immunology 8. 
 
• Malini, M., Lenin, M., Varalakshmi, P., 2000. Protective effect of triterpenes on calcium oxalate 
crystal-induced peroxidative changes in experimental urolithiasis. Pharmacological Research 
41, 413-418. 
 
• Malini, M.M., Baskar, R., Varalakshmi, P., 1995. Effect of lupeol, a pentacyclic triterpene, on 
urinary enzymes in hyperoxaluric rats. Japanese Journal of Medical Science and Biology 48, 
211-220. 
 
• Maneesai, P., Bunbupha, S., Kukongviriyapan, U., Prachaney, P., Tangsucharit, P., 
Kukongviriyapan, V., Pakdeechote, P., 2016. Asiatic acid attenuates renin-angiotensin system 
activation and improves vascular function in high-carbohydrate, high-fat diet fed rats. BMC 
Complementary and Alternative Medicine 16, 123. 
 
• Manjula, K., Rajendran, K., Eevera, T., Kumaran, S., 2012. Effect of Costus igneus stem extract on 
calcium oxalate urolithiasis in albino rats. Urological research 40, 499-510. 
 
• McHarg, T., Rodgers, A., Charlton, K., 2003. Influence of cranberry juice on the urinary risk 
factors for calcium oxalate kidney stone formation. BJU International 92, 765-768. 
 
• Mehrabi, S., Behnam, P., Manzouri, L. and Mehrabi, A., 2019. Comparison efficacy and side 
effects of combined cystone and hydrochlorothiazide with cystone monotherapy in treatment 
and passage of upper urinary stones; a randomized clinical trial. Journal of Renal Injury 
Prevention, 8(3). 
 
• Melo, C.M., Morais, T.C., Tomé, A.R., Brito, G.A.C., Chaves, M.H., Rao, V.S., Santos, F.A., 2011. Anti-
inflammatory effect of α, β-amyrin, a triterpene from Protium heptaphyllum, on cerulein-
induced acute pancreatitis in mice. Inflammation Research 60, 673-681. 
 
• Mitra, S., Gopumadhavan, S., Venkataranganna, M., Sundaram, R., 1998. Effect of cystone, a 
herbal formulation, on glycolic acid‐induced urolithiasis in rats. Phytotherapy Research: An 
International Journal Devoted to Pharmacological and Toxicological Evaluation of Natural 
Product Derivatives 12, 372-374. 
 
• Montilla, M.P., Agil, A., Navarro, M.C., Jiménez, M.I., García-Granados, A., Parra, A., Cabo, M.M., 
2003. Antioxidant activity of maslinic acid, a triterpene derivative obtained from Olea 
europaea. Planta Medica 69, 472-474. 
 
• Nagal, A., Singla, R.K., 2013. Herbal resources with antiurolithiatic effects: a review. Indo Glob J 
Pharm Sci 3, 6-14. 
 
• Nascimento, P.G., Lemos, T.L., Bizerra, A., Arriaga, Â., Ferreira, D.A., Santiago, G.M., Braz-Filho, 
R., Costa, J.G.M., 2014. Antibacterial and antioxidant activities of ursolic acid and derivatives. 
Molecules 19, 1317-1327. 
 
• Nazaruk, J., Borzym-Kluczyk, M., 2015. The role of triterpenes in the management of diabetes 
mellitus and its complications. Phytochemistry Reviews : proceedings of the Phytochemical 
Society of Europe 14, 675-690. 
 
• Nirala, R.K., Dutta, P., Malik, M.Z., Dwivedi, L., Shrivastav, T.G. and Thakur, S.C., 2019. In Vitro 
and In Silico Evaluation of Betulin on Calcium Oxalate Crystal Formation. Journal of the 
American College of Nutrition, 38(7), pp.586-596. 
 
• Nirumand, M., Hajialyani, M., Rahimi, R., Farzaei, M., Zingue, S., Nabavi, S., Bishayee, A., 2018. 
Dietary plants for the prevention and management of kidney stones: preclinical and clinical 
evidence and molecular mechanisms. International Journal of Molecular Sciences 19, 765. 
 
• Pareta, S.K., Patra, K.C., Mazumder, P.M., Sasmal, D., 2011. Establishing the principle of herbal 
therapy for antiurolithiatic activity: A review. J Pharmacol Toxicol 6, 321-332. 
 
• Parmar, S., Sharma, T., Airao, V., Bhatt, R., Aghara, R., Chavda, S., Rabadiya, S., Gangwal, A., 2013. 
Neuropharmacological effects of triterpenoids. Phytopharmacology 4, 354-372. 
 
• Pethakar, S.R., Hurkadale, P.J., Hiremath, R.D., 2017. Evaluation of antiurolithiatic potentials of 
hydro-alcoholic extract of Cucumis sativus L. Indian Journal of Pharmaceutical Education and 
Research 51, S607-S614. 
 
• Phillips, R., Hanchanale, V.S., Myatt, A., Somani, B., Nabi, G., Biyani, C.S., 2015. Citrate salts for 
preventing and treating calcium containing kidney stones in adults. Cochrane Database of 
Systematic Reviews. 
 
• Prachayasittikul, S., Saraban, P., Cherdtrakulkiat, R., Ruchirawat, S., Prachayasittikul, V., 2010. 
New bioactive triterpenoids and antimalarial activity of Diospyros rubra Lec. EXCLI Journal 9, 
1-10. 
 
• Putta, S., Sastry Yarla, N., Kumar Kilari, E., Surekha, C., Aliev, G., Basavaraju Divakara, M., Sridhar 
Santosh, M., Ramu, R., Zameer, F., Prasad, M., 2016. Therapeutic potentials of triterpenes in 
diabetes and its associated complications. Current Topics in Medicinal Chemistry 16, 2532-
2542. 
 
• Queau, Y., 2019. Nutritional Management of Urolithiasis. Veterinary Clinics of North America: 
Small Animal Practice 49, 175-186. 
 
• Razzaghi, N., Garrido, J., Khazraei, H., Borges, F., Firuzi, O., 2013. Antioxidant properties of 
hydroxycinnamic acids: a review of structure-activity relationships. Current Medicinal 
Chemistry 20, 4436-4450. 
 
• Rein, M.J., Renouf, M., Cruz‐Hernandez, C., Actis‐Goretta, L., Thakkar, S.K., da Silva Pinto, M., 
2013. Bioavailability of bioactive food compounds: a challenging journey to bioefficacy. British 
Journal of Clinical Pharmacology 75, 588-602. 
 
• Rizvi, S.H., Shoeb, A., Kapil, R.S., Popli, S.P., 1980. Two diuretic triterpenoids from Antidesma 
menasu. Phytochemistry 19, 2409-2410. 
 
• Saleem, M., 2009. Lupeol, a novel anti-inflammatory and anti-cancer dietary triterpene. Cancer 
Letters 285, 109-115. 
 
• Sandjo, L.P., Kuete, V., 2013. Triterpenes and Steroids from the Medicinal Plants of Africa, in: 
Kuete, V. (Ed.), Medicinal Plant Research in Africa. Elsevier, Oxford, pp. 135-202. 
 
• Sasikala, V., Radha, S.R., Vijayakumari, B., 2013. In vitro evaluation of Rotula aquatica Lour. for 
antiurolithiatic activity. Journal of Pharmacy Research 6, 378-382. 
 
• Schwaderer, A.L., Wolfe, A.J., 2017. The association between bacteria and urinary stones. 
Annals of Translational Medicine 5, 32. 
 
• Selvam, R., 2002. Calcium oxalate stone disease: role of lipid peroxidation and antioxidants. 
Urological research 30, 35-47. 
 
• Sewell, J., Katz, D.J., Shoshany, O., Love, C., 2017. Urolithiasis-Ten things every general 
practitioner should know. Australian Family Physician 46, 648-652. 
 
• Shafi, H., Moazzami, B., Pourghasem, M., Kasaeian, A., 2016. An overview of treatment options 
for urinary stones. Caspian journal of internal medicine 7, 1. 
 
• Shekar Kumaran, M.G., Patki, P.S. 2011. Evaluation of an Ayurvedic formulation (Cystone), in 
urolithiasis: A double blind, placebo-controlled study. European Journal of Integrative 
Medicine, 3(1), 23–28. 
 
• Sheng H, Sun H, 2011. Synthesis, biology and clinical significance of pentacyclic triterpenes: A 
multi-target approach to prevention and treatment of metabolic and vascular diseases. Natural 
Product Report 28, 543–593. 
 
• Sheng, H., Sun, H., 2011. Synthesis, biology and clinical significance of pentacyclic triterpenes: a 
multi-target approach to prevention and treatment of metabolic and vascular diseases. Natural 
product reports 28, 543-593. 
 
• Shimada, A., Inagaki, M., 2014. Angiotensin I-converting enzyme (ACE) inhibitory activity of 
ursolic acid Isolated from Thymus vulgaris, L. Food Science and Technology Research 20, 711-
714. 
 
• Shivashankara, A.R., Venkatesh, S., Bhat, H.P., Palatty, P.L., Baliga, M.S., 2015. Can 
Phytochemicals be Effective in Preventing Ethanol-Induced Hepatotoxicity in the Geriatric 
Population? An Evidence-Based Revisit, Foods and Dietary Supplements in the Prevention and 
Treatment of Disease in Older Adults. Elsevier, pp. 163-170. 
 
• Shukla, A.K., Shukla, S., Garg, A., Garg, S., 2017. A review on anti-urolithiatic activity of herbal 
folk plants. Asian Journal of Biomaterial Research 3, 1-11. 
 
• Siddique H R, Saleem M, 2011. Beneficial health effects of lupeol triterpene: A review of 
preclinical studies. Life Sciences 88, 285–293. 
 • Siddiqui, K.M., Albala, D.M., 2016. Robotic-assisted surgery and treatment of urolithiasis. 
International Journal of Surgery 36, 673-675. 
 
• Sudhahar, V., Kumar, S.A., Varalakshmi, P., 2006. Role of lupeol and lupeol linoleate on lipemic–
oxidative stress in experimental hypercholesterolemia. Life sciences 78, 1329-1335. 
 
• Sudhahar, V., Veena, C.K., Varalakshmi, P., 2008. Antiurolithic effect of lupeol and lupeol 
linoleate in experimental hyperoxaluria. Journal of natural products 71, 1509-1512. 
 
• Sudharsan, P.T., Mythili, Y., Selvakumar, E., Varalakshmi, P., 2005. Cardioprotective effect of 
pentacyclic triterpene, lupeol and its ester on cyclophosphamide-induced oxidative stress. 
Human & experimental toxicology 24, 313-318. 
 
• Sumorok, N., Goldfarb, D.S., 2013. Update on cystinuria. Current opinion in nephrology and 
hypertension 22, 427-431. 
 
• Tan, S.L.H., Badawy, M., Schneider, M., Lau, K.K., Low, K., Kutschera, P., 2019. The efficacy of tin-
filtration for computed tomography in diagnosing urolithiasis. Clinical Imaging 55, 126-131. 
 
• Tayarani-Najaran, Z., Akaberi, M., Vatani, M. and Emami, S.A., 2016. Evaluation of antioxidant 
and anti-melanogenic activities of different extracts from aerial parts of Nepeta 
binaludensis Jamzad in murine melanoma B16F10 cells. Iranian journal of basic medical 
sciences, 19(6), p.662. 
 
• Thenmozhi, P., Guru, S.P.S., Kannan, M., Sathiyarajeswaran, P., 2016. Overview on selected 
medicinal plants used in the management of urolithiasis. World Journal of Pharmacy and 
Pharmaceutical Sciences 5, 280-294. 
 
• Tiwari, S., Sirohi, B., Shukla, A., Bigoniya, P., 2012. Phytochemical screening and diuretic activity 
of Allium sativum steroidal and triterpenoid saponin fraction. International Journal of 
Pharmaceutical Sciences and Research 3, 3354. 
 
• Tong, H.H.Y., Du, Z., Wang, G.N., Chan, H.M., Chang, Q., Lai, L.C.M., Chow, A.H.L., Zheng, Y., 2011. 
Spray freeze drying with polyvinylpyrrolidone and sodium caprate for improved dissolution 
and oral bioavailability of oleanolic acid, a BCS Class IV compound. International Journal of 
Pharmaceutics 404, 148-158. 
 
• Tundis, R., Nadjafi, F. and Menichini, F., 2013. Angiotensin‐Converting enzyme inhibitory 
activity and antioxidant properties of Nepeta crassifolia Boiss & Buhse and Nepeta 
binaludensis Jamzad. Phytotherapy Research, 27(4), pp.572-580. 
 
• Türk, C., Petřík, A., Sarica, K., Seitz, C., Skolarikos, A., Straub, M., Knoll, T., 2016. EAU Guidelines 
on Interventional Treatment for Urolithiasis. European Urology 69, 475-482. 
 
• Upadhyay, N., Tiwari, S.K., Seth, A., Maurya, S.K., 2017. Effect of Averrhoa carambola Linn. fruit 
on ethylene glycol induced Urolithiasis in rats. Current Research Journal of Pharmaceutical and 
Allied Sciences 1, 2-8. 
 
• Valdes K, Morales J, Rodriguez L, Gunther G, 2016. Potential use of nanocarriers with 
pentacyclic triterpenes in cancer treatments. Nanomedicine 11, 3139-3156. 
 
• Van der Meer, I.M., Cravedi, P., Remuzzi, G., 2010. The role of renin angiotensin system 
inhibition in kidney repair. Fibrogenesis & tissue repair 3, 7. 
 • Venditti, A., Frezza, C., Riccardelli, M., Foddai, S., Nicoletti, M., Serafini, M. and Bianco, A., 2016. 
Unusual molecular pattern in Ajugoideae subfamily: the case of Ajuga genevensis L. from 
Dolomites. Natural product research, 30(9), pp.1098-1102. 
 
• Venditti, A., Guarcini, L., Ballero, M. and Bianco, A., 2015. Iridoid glucosides from Pentas 
lanceolata (Forssk.) Deflers growing on the Island of Sardinia. Plant systematics and evolution, 
301(2), pp.685-690. 
 
• Venditti, A., Serafini, M., Nicoletti, M. and Bianco, A., 2015. Terpenoids of Linaria alpina (L.) Mill. 
from Dolomites, Italy. Natural product research, 29(21), pp.2041-2044. 
 
• Verkoelen, C.F., 2006. Crystal retention in renal stone disease: a crucial role for the 
glycosaminoglycan hyaluronan?. Journal of the American Society of Nephrology, 17(6), 
pp.1673-1687. 
 
• Vidya, L., Lenin, M., Varalakshmi, P., 2002. Evaluation of the effect of triterpenes on urinary risk 
factors of stone formation in pyridoxine deficient hyperoxaluric rats. Phytotherapy Research: 
An International Journal Devoted to Pharmacological and Toxicological Evaluation of Natural 
Product Derivatives 16, 514-518. 
 
• Vidya, L., Varalakshmi, P., 2000. Control of urinary risk factors of stones by betulin and lupeol 
in experimental hyperoxaluria. Fitoterapia 71, 535-543. 
 
• Vijaya, T., Kumar, M.S., Ramarao, N., Babu, A.N., Ramarao, N., 2013. Urolithiasis and its causes-
short review. J Phytopharmacol 2, 1-6. 
 
• Vyas, N., Argal, A., 2013a. Antiurolithiatic activity of extract and oleanolic acid isolated from the 
roots of Lantana camara on zinc disc implantation induced urolithiasis. ISRN pharmacology 
2013, 951795. 
 
• Vyas, N., Argal, A., 2013b. Antiurolithiatic Activity of Extract and Oleanolic Acid Isolated from 
the Roots of Lantana camara on Zinc Disc Implantation Induced Urolithiasis. ISRN 
pharmacology 2013, 951795. 
 
• Wang, J., Ren, H., Xu, Q.L., Zhou, Z.Y., Wu, P., Wei, X.Y., Cao, Y., Chen, X.X. and Tan, J.W., 2015. 
Antibacterial oleanane-type triterpenoids from pericarps of Akebia trifoliata. Food chemistry, 
168, pp.623-629. 
 
• Wesson, J.A., Ward, M.D., 2007. Pathological biomineralization of kidney stones. Elements 3, 
415-421. 
 
• Wong, Y.V., Cook, P. and Somani, B.K., 2015. The association of metabolic syndrome and 
urolithiasis. International journal of endocrinology, 2015. 
 
• Wong, Y.V., Cook, P., Somani, B.K., 2015. The association of metabolic syndrome and 
urolithiasis. International journal of endocrinology 2015. 
 
• Wozniak, L., Skapska, S., Marszalek, K., 2015. Ursolic acid--A pentacyclic triterpenoid with a 
wide spectrum of pharmacological activities. Molecules 20, 20614-20641. 
 
• Xi, J., Chang, Q., Chan, C.K., Meng, Z.Y., Wang, G.N., Sun, J.B., Wang, Y.T., Tong, H.H., Zheng, Y., 
2009. Formulation development and bioavailability evaluation of a self-nanoemulsified drug 
delivery system of oleanolic acid. AAPS PharmSciTech 10, 172-182. 
 • Yadav, R.D., Jain, S., Alok, S., Mahor, A., Bharti, J.P., Jaiswal, M., 2011. Herbal plants used in the 
treatment of urolithiasis: a review. International Journal of Pharmaceutical Sciences and 
Research 2, 1412. 
 
• Yang, L., Sun, Z., Zu, Y., Zhao, C., Sun, X., Zhang, Z., Zhang, L., 2012. Physicochemical properties 
and oral bioavailability of ursolic acid nanoparticles using supercritical anti-solvent (SAS) 
process. Food chemistry 132, 319-325. 
 
• Yang, R., Huang, X., Dou, J., Zhai, G., Su, L., 2013. Self-microemulsifying drug delivery system for 
improved oral bioavailability of oleanolic acid: design and evaluation. International Journal of 
Nanomedicine 8, 2917-2926. 
 
• Yasui, T., Okada, A., Hamamoto, S., Ando, R., Taguchi, K., Tozawa, K. and Kohri, K., 2017. 
Pathophysiology‐based treatment of urolithiasis. International Journal of Urology, 24(1), 
pp.32-38. 
 
• Yeung, A.W.K., Tzvetkov, N.T., El-Tawil, O.S., Bungau, S.G., Abdel-Daim, M.M., Atanasov, A.G., 
2019. Antioxidants: Scientific literature landscape analysis. Oxidative Medicine and Cellular 
Longevity 2019, 11. 
 
• Yin, R., Li, T., Tian, J.X., Xi, P., Liu, R.H., 2018. Ursolic acid, a potential anticancer compound for 
breast cancer therapy. Critical reviews in food science and nutrition 58, 568-574. 
 
• Yousefi Ghale-Salimi, M., Eidi, M., Ghaemi, N., Khavari-Nejad, R.A., 2018. Inhibitory effects of 
taraxasterol and aqueous extract of Taraxacum officinale on calcium oxalate crystallization: in 
vitro study. Renal failure 40, 298-305. 
 
• Yu, D.-S., Yang, Y.-T., Lai, C.-H., 2016. Epidemiology and treatment of inpatients urolithiasis in 
Taiwan. Formosan Journal of Surgery 49, 136-141. 
 
• Zhang, X., Li, X.-Y., Lin, N., Zhao, W.-L., Huang, X.-Q., Chen, Y., Huang, M.-Q., Xu, W., Wu, S.-S., 
2017. Diuretic activity of compatible triterpene components of Alismatis rhizoma. Molecules 
22, 1459. 
 
• Zuo, J., Khan, A., Glenton, P.A., Khan, S.R., 2011. Effect of NADPH oxidase inhibition on the 
expression of kidney injury molecule and calcium oxalate crystal deposition in hydroxy-L-
proline-induced hyperoxaluria in the male Sprague–Dawley rats. Nephrology Dialysis 
Transplantation 26, 1785-1796. 
 
 
 
 
 
 
